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— The Application of the Sigma Delta Modulation —
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Abstract: Embedded mechatronic systems adopt H-bridge driver circuits with Pulse Width Modulator for actuator control,
since there are many design constraints such as power consumption, size, cost, and so on. Microprocessors without PWM
generating modules are still used as embedded controllers. In such cases additional electronic circuits are needed for gen-
erating PWM waveform. Thus, in order to generate a PWM waveform at low speed sampling without additional electronic
circuits, this paper proposes the methodology based on a sigma-delta modulator followed by a low-pass ﬁlter with an
output gate. The proposed method increases the number of the quantization steps of equivalent output voltage, comparing
the conventional method based on a triangle waveform. In order to evaluate the proposed method, simple proportional
feedback control systems are considered. Simulation results show that the plant output controlled by the proposed PWM
waveform is more stable than that controlled by the conventional one at low sampling rate. The effectiveness of an output
gate is also made clear. Therefor the proposed method can be used to control the embedded mechatronic systems.













































































































1− z−1 (u(k) + v(k − 1)) (1)
v(k) = x(k) + nq(k) (2)
式(1)を式(2)に代入することにより
v(k) = u(k) + Hq(z)nq(k) (3)
が得られる．ここで，Hq(z)は






















Fig. 3 Sigma-delta modulator input
Fig. 4 Sigma-delta modulator output
Fig. 5 Filtered output of sigma-delta modulator
Fig. 6 Filtered output by using conventional method








































































Fig. 7 Sigma-delta modulator output for 0

















• u(k) = 10.0
0× 0 + 1× (10)
0 + 1 = 10.0 (5)
• u(k) = 5.0
2× 0 + 2× (10)
2 + 2
= 5.0 (6)
• u(k) = −7.5
2× 0 + 6× (−10)
2 + 6 = −7.5 (7)
• u(k) = −8.0
2× 0 + 8× (−10)





Fig. 9 Sigma-delta modulator output with a low-pass ﬁlter for 10
Fig. 10 Sigma-delta modulator output with a low-pass ﬁlter for 5
Fig. 11 Sigma-delta modulator output with a low-pass ﬁlter for −7.5
Fig. 12 Sigma-delta modulator output with a low-pass ﬁlter for -8






















































































Fig. 13 Step response by using proposed method































Fig. 15 Step response by using conventional method
Fig. 16 Motor comannd by using conventional method
Fig. 17 Step response by using proposed method(T;0.5(ms))
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Fig. 20 Ramp response without an output gate
Fig. 21 Ramp response with an output gate
Fig. 22 Sinusoidal response without an output gate
Fig. 23 Sinusoidal response with an output gate
